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0 Laminated metal slieeL 



0 A process for producing by simultaneous lamination a polymer/metal/ipolymer iaminata, wiiM process 
comprises faminating to one of the major surfaces of a metal sheet a composita polyester IHm (A) comprising an 
inner layer (A1) of a substantiaHy non-crystalfine Snear polyester havfng a softening point below 150*C and a 
melting point above 15d *'C but belbvr 240*0 and an outer layer (A2) of a linear pbiyestair having a melting jpoint 
above 220* C, and simuttaneously laminating to the other nnalor surface of the metal sheet a polyotefin- 
containing film (B) comprising a bonding resin which is an add modified polyolefin^esln containing cariMxyl or 
anhydride groups, the metal shoeit having been heated to a temperature Ti sufficient to cause softening of the 
polymer films and intimate contact vidth the metal sheet the temperature Ti being below the temperature at 
which the outer surface of ttie poiyolefin-conta'ning film is damaged during laminafion, and re-heaUng the 
resultant laminate to a temperature Tz sufficient to cause each of the polymer films (A1) and (B) to intaract with 
and become bound to the respective surface of the metal sheet The laminates are useful for forming into 
■contdners or various components ttiereof. 
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LAMINATED METAL SHEET 



Th» present invention relates to a process for pradudng tambiated iratal sheet and to b n ft ina tBd metal 

LamtatiOT of polymer materials to melal sheet such as metal strip is a well known and weO 
5 documantad technique. The resultant laminates have many applicaiions such as. for axampte. use for the 
manufacture of can bodies and can ends for containers for foodstuffs end bevmges, and end com p o n e n t s • 
and valve cups for aerosol containers. 

For msiy appficatfons, a polymer film Is laminatBd to'each of the two mafor surfeces of the metaf sheet 
In general, most of the known laminatfon tacfmic^ies are concerned eHXher with the simultaneous appCcatfon 
TO of polymer films of the same or similar composiifon to opposHe faces of a metal sheet or describe the 
t am i hafid n of polymer films having dSferent compositions to ttie opposite laces of a m^al sheet each of the 
two difforent polymers t)aing applied to the metal sheet in a separate step rather than simultaneously. 

VVhereas metal lamtotos having similar p(^ymer coatings on 
many advantages, ttiey are not suitable for aU purposes. Thus, for example, wtnle pofyaster coatings of the 
1$ type described in GB 2123746 have excellent formabifity. they are not reacfily raceptiva to heat sealed 
ctosures, they are di^lt to pigment to an acceptable level of opacity at viable cost and they change In 
appearance on refeortbig* 

Polypropylene or polyethylene coatings such as those described, for example, in GB 1324952 and BP 
0062385 bnpart acceptable corrosion, lesistanca to the metal ^heet but are telativaly soft damage easilye 

20 have low melting points and relathrely fow gloss. 

No single polymer embodies all of the various physical properties desired In coatings for metal/|poiymer 
laminates which are intended for use as can stock. Consequently it is found to be advanitageous to use ai 
combination of differon polymers in a single polymerAnetal/0olymer laminate and utiiiae appropriately the 
properties oonfiarred to the laminate by each polymer. 

^ it Is desirable, in many cases, to use dissimHar polymers laminated to the two surfoces of the metal 
sheet thereby making use of the different properties of the different polymers. 

It is preforabte. from an economic point of view, to apply the <fifferent polymer coatings to the metal 
sheet in a simultaneous operatfon, thereby reducing operational costs. The simultaneous appficab'on of the 
two differsnt polymers can t)e achieved by the use of adhesives whidi are appSed separately to the two 

so different polymerto films foltowed \oy laminating these films simultaneousiy to the metal sheet Aftemafively, 
the required polymer films can be extniskin coated simultaneousiy in one single operatfon onto the two 
surfaces of the mMI strip. 

However, the first method is undes^abte because it requires the use of soh^ent based materials whidi 
may certain bioldgically hazardous diofhtcals such as tsocyanates and iaJsb involves lenjgithy curie sched- ' 

35 vies. The second method, which reqiJres co-extrusion of molten polymers, wouU destroy the excellent 
properties of biaxially oriented polyester materials such as polyethylene terephthalate ^ET), snice such 
biaxially oriented materials cannot be extniston coated and retain their excellerit properties. 

Thermal laminatfon of biaxially oriented PET to metal strip is known, for example from GB 2123746. 
SimOariy, thennal lamination of polyprc^iyfene films to metal strq3 is disclosed for exampis, in GB 1324952 

40 and US 3679513, whUe themial lamination of polyethylene films to metal strip Is described, for example in 
EP 0062^ and US 4452375. However, the conditions described in these documents for thennal laminatfon 
of polymer fijms having such varied properties are not suitab'le for the simultaneous thermal lamination of a 
-polyester filrn, espedaDy biaxially tariented polyethylene terephthalate film;- to one-side of a metal strip, • 
white at the same time thermally laminating to tiie other side of the metal str^ a polyolefin or pdyamide^ « 

45 contdning film of a thickness which is econonUcally or technically viabte for can Stock usa^ 

We have now found that simultaneous fiiermal laminatfon of a polyester film to one skfo of a metal ^ 

sheet and of a polyolefin or polyamide'containing flkn to the other side of the rrtetal sheet can be readily 

achieved by matching the softening chsacteristics d the (Sfforent polymers on each side of the metal sheet 
by providing an intermediate foyer d a substantially non-crystalline polyester layer having certain specific 

50 physical characteristics between the metal sheet and the polyester layer which It is desired to adhere to the 
metal sheet and by lamlnafing the polymer Ifims to the metal sheet usfog a thennd laminatfon process in 
which, in a first step, the polymer films are applied to the metal sheet at a first temperature which does not 
damage the outer surface of the films as they pass through the laminatfon nip, and. in a sut)sequent step, 
the resultant laminate is re-heated by indired means to a second higher temperatere so as to cause the 
polymer films to react with, and adhere strongly to, the metd sheet 



2 



EP0312SttA1 



AooonSng to a first aspect of the present mvenlion there Is provided a process for producing by 
simuRaneous lamination a polymerAn^ai^poiymef laminate, which process conr^prises iaminaimg to or» of 

the .mator sud^P^. cf .a mej^.stoet a oo|]ng»)^ polyester film (A) comprising jan . inner layer. (A1)i of a 

sut)startfially non-crystalUne linear polyester teving a softening point below 150* C and a melting point 
5 above 150*C but betow 240*C and an outer layer (A2) of a Onear polyester havmg a melting point above 
220*C, and simultaneously laminating to the other major surface of the metal sheet a polyolefin-contalning 
film (B) comprising a bonding resin which is an add modified polyolefin«fesui containing cariMxyl or 
anhydrtda groups, the metal sheet loving been heated to a temperat u re Ti suffideint to cause softening of 
the polyrner film and Intimate contact with the metal sheet the temperature Tf being below the temperature 

' 10 at which the outer surface of the polyoiefin-contadhing film is damaged during lamination, and re^ieating the 
resultSTt laminate to a temperature T2 sufficient to cause each of the polymer fnm3(A1) and (B) to Inteiact 
with and become bound to the respective surface of the metal sheet 

According to a second aspect of the present Inventton there is provided potymer/metal/pofymer 
laminate comprising a metal sheet having a polymer ffim acfiiered to each of its ms^ smfecas, the polymer 

rs films having been adhered to the metal sheet by sinndaneousthennailaminatton. the polymer film adhered 
to one msjor^airface of the metal sheet being a co m posite polyester film (A) comprising an inner layer (A1) 
of a substantially non-crystal^ linear polyester havfaig a softening pdnt below 150*C and a ntetting point 
above 1S0*C but below 240* C and an outer layer (A2) of a finear polyester having a melting point alcove 
220' C. and the polymer film adhered to the other naior surface of the metal sheet being a polyolefin- 

90 containing film (B) comprising a txvidlng resin which is an add modified polyolefin resin containing car tioxyi 
or anfiydrfde groups. 

The polyolefin-containing film (B) may be a monoHayered film of a boncfing resin which is an add 
modfied polyolefin resbi containing carboxyl or anhydride groups, or may be a composite film comprising 
an outer layer (62) of a polyolefin or a polyamide adhered to an inner (or tie) layer (81) of a tx>mfing resin 
28 as defined above. 

In a further embodiment of the present invention, the composite film (B) may Include a further polyolefin 
or polyamide layer (84) adhered to tt)e said outer layer (fiZ^ by means of an intermediate layer (B3) of a 
bonding resin which is as defined above for layer (B1). 

Preferably composite films (A) and (B) are films which have been prepared by co-extruston. 

30 By means of the process of the present invention it Is possible to obtain a metai/polymer lamMate 
incorporating biaxially oriented polyester materials such as polyethylene terephthalate on one side of a 
metal sheet with polyolefin or polyamide containing coatings on the other side of the metal sheet By use of 
the present process both polymer coatings can be appfed simultaneously while avoiding the use of sohrent 
conteining, environmentally undesirable, adhesives. 

9S ' The process of the present invention is carried out In a number of stages. In a first st^e, the metal is 
pre-heated to a temperature Ti In ttie range of 120*C to 240*C, prelierably 140 to 22D*C. such that the 
outer surface of film (B) is not raised above its mal&ig point 'm the laminalidn nip. and prefbr^bly not above 
its softennig point 

in a second stage, tiie films and metal are brought together in a lamination nip thereby estabBsfting 

40 intimate and unifonn. wrinMe-free. contact At this stage the contact layers are the inner layer (Al) of 
amorphous polyester, metal and on the opposite side of the metal, the inner face of polyolefin or 
poiyamide-oontaining film (8). 

In a third stage, the resultant laminate is re-heated, preferably by induction heating the metal core to a 
temperature T^ above 230* C, but below the thennai or oxidatWe degradation point of tiie outer face of tiie 

45 polyolefin or polyamide coming film (6) or the temperature at which the outer layer physically degrades 
when quenched rapidly wfth water. If desired, infranned heating may be used. 

VVhite tile outer surface of tiie polyester film (A) Is maintained below its melting point b^ 
core above ti>e melting point of tiie said polyester, rapid interaction occurs between tfie metal, the inner 
polyester layer (Al) and tt)e polyotefin layer (8). In order to edhkm ttiis interaction, tiie laminate Is held 

so above 200*C for 1 to 30 seconds, preferably at about 250'C for 2 seconds, and thereafter ttie laminate is 

rapidly and un ifon nly<Hienched by water to a temperature below tfie softening point of the re^ having ttie 

bwest sotierung temperazi^ ' 

We have (bund ttiat provided ttie outer surface of tiie biaxially oriented polyest»^ film (A) remains below 
its melting point a suffidsnt proportion of ttie excellent properties of ttie biaxially oriented polyester film. 

€6 e.g. polyettiyiene terephttialate. can be retained. The temperature in ttie post laminatioin zone can be varied 
to control the properties, pvticularly formability. which are desired in ttie polyester coating. Such c ntrol 
can be achieved quite readily if induction heating is used to re-heat ttie laminate downstream of tti 
laminatkin dp. Preferably a suitabte pyrometer may be used to identify ttie temperature of ttie polyester. 
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ARemaGvaly, devices 8iat leoogntee lha change from biaxial orientaSon to crystaifine non-oriented or 
amorphous polyeslBr may be used to Incficate the critical state of the polyester 0m (for exanple^ an X*ray 

■** diffiractometef)* ' 

The precise temparalure Tt to which the metal sheet should be heated prior to tammation depends both 
5 on ttie thMoiess of the films to be taminated and also on the chemical nature of the said films. Thus, - 
temperatufBS of appraximateiy 120*C and above, typically 140*C. are suitable for a 20 micron east 
polypropyiene film, up to 230*C lor a thldQar 200 micron cast polypropylene film. Tamperaturas of 140*C 
to 270' are sidtable for coextruded bisdally ortented polyethylene terepMhalate. 

Polyamlde contaii^ Sms wiD tolerate sfightly higher metal temperatures than cast polypropyiene and 
10 oriented polypropyiene demands a higher temp^ature than cast polypropyienet typically 200* C for a 20 
micron fibn* 

The temperature Ts to be used on re-heating the bminata downstream of the lamination nip is typically 
fai the range 230 to 270*& The exact temperature to be used will depend on the dweB tone before the , 
laminate is quenched. Temperatures Wgher than 270 * C lead to physical damage of the poiyolefin film when 

IS ft comes into contact with quench water and lead to melting of ^e polyethylene terephthalate films. The 
temperature at the lower end of the said range is detennined by the need to atfiieve a satisfactory bond 
strength between the metal sheet and the polymer films attached thereto in the very short time during 
which the laminate is heated to the required temperature. Commercial operat i on s generally demand a dweO 
time td appraximateiy turo seconds only. 

20 The metal substrate to which the polymec films are applied, typically in the lorni of metal str^ Is 
generally steel or ahaninium or aSoys thereof* tyfdcally a steel or afciminium based product used in the 
padaglng industry. 

The gauge range is typically QJSS mm to 0.4 mm for steel and 0.02 mm to 0.4 mm for aluminium. 
The steel may be coated with tin, prsferat>iy passivated by conventional chromic treatments or 
ss altemaflvely may be In the form of nickel or zinc plated steel, blackplate or phosphated biackpiate. which is 
preferably cftfomate rinsed sStor phosphating. 

The preferred steel finish is etectrolyticaily chromium coated steel (ECCS) with a dual layer of 
chromium metal and chromium oxide. With such steels, the chromium metal and chromium oxide levels 
can vary widely. Typically, the chromium metal content ranges from 0.t to 0^ gm/m^, while the chromium 
30 oxide ranges ftom OjOOS to 0j05 gm/m^ The ECCS is commonly derived from deposifion systems 
containing either su^hur conlaining or fiuorine containtng catalysts. 

The composite polyester fRn^ (A) Is preferably one whkA has been prepared by co-extnision prior to 
appfication to the metal strip. The composite polyester iilm (A) comprises a thinner inner layer (A1) of a 
substantiaily non-crystalline (La amorphous) linear polyester which has a softening point below 150*0 and 
35 a meiting point about 150*0 but below 240*0, and a thicker outer layer (A2) having a melting point above 
220* C» and preferably having an intrinac viscosity ^ from 0.5 to 1.1. preferably 0.6 to 0.8. 

Preferably the outer layer (A2) Is a biaxially oriented polyester such as polyethylene terephthalate. 

Prsferab^ the inner layer (Al) is a Qnear copolyester, for example an amorphous copolynner of approxi* 
mately 80 mote % ethylene terephthalate and appraxbnately 20 mote % ethyleneisophthalata Copolyesters 
40 of terephthalic add and two alcohols, for exampte ethylene glycol and cyclohexane-<fimethanol» are also 
suitable for use as the inner layer (Al). 

Typically, the biaxially oifented polyester in outer layer (A2) has a crystalliitfty greater than 30%, 
preferat^ly from 40 to 50%. 

The crystaliimty of a polyester material can be estimated by X-ray diffractton tschnk|ues as described 

49 in GB 15^422 or from measurement of density and applying the relationship:- 

Vc (P-Pa)(Pc-Pa)"^ 

wherein Ve = Volunie fraction crystallinity 

P = density of sample 

50 Fa a density of amorphous material 
^ density of crystalline material 

P can be measured in a density column using zinc chlorideAiiratBr or n-heptane/carbon tetrachloride 
mixtures. 

55 The t>iaxiaiiy oriented film which may be used as the outer layer may be formed by stretching the 
amorphous extruded polymer In the forward direction at temperatures above the glass transition tempera- 
ture Of the polymer by a factor of 2.2 to 3.8 and similarly in the transverse direction by 22 to 4.2. Wher 
tfie lantinated coating is to be used in deep drawing metal contateers, the orientation is preferably limited to 
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stratching by a lactor approximately 2£ in both fbrwani and transverse cBreclion^ 

Most pielerred beat setting temperatures of biaxraOy oriented PET film Be tn the range 215* to 220* C; 

tower hBS^t settfaig imperdSftt» jv^^ but are usudly aaxpi^^ by an increased tendency Jor 

tha polyastBr fitm to shrink dur^ tamination. 

TyptoaUy tha frmr layer (A1) shotMd be continuous and have a typical thickness of at)out 2 to 5 

microns. The ratio of the thickness of the outer poiyestar layer (A2) to the inner potyester layer (A1) Is 

betvveen 12 and 4, with the total thickness of the combined laym 

9 defied, the polyester layers may contain inorganic anti-blocking agents such as synthetic dOca 

Iming an average paiticfe size of from 0^ to 5 ntoons. 

1 Also, if desired, the outer poiyester layer (A2) may be pigmented using cbnventlonal pigments such as 
titanium cfioxida. 

The prfRcfpaf function of the inner polyester layer (Al) is to heat seal to the metal surface at 
temperatures below the melting pdrtt of the outer polyester te^r (A2). It is important that ttie Inner layer 
shouM leta^ its amorphous nature after orientatton and heat setting of ttie film. Rjrthermorie the inner 
pofyestar layer (A1) shoukf bond to the metal at temperatures which are eompaWlB with the simultaneous 
tamination to the opposite skie of tfie metal sheet of a polyamide or polyotefin containing coating. This 
lequkement is met try ensuring that tha Inner layer of polyester (At) has a softening point compatibie with 
the temperatures needed to laminate a wide range of polyolefin or polyamide based coatings. Fbr tiris 
purpose the softening point shouM be (owar than 1^*C. typically not greater than 130*0. 

Preferably the polyolefin In outer layer {82) is polypropylene, or polyethytene, or an ethylene-prepyiene 
copolymer. If desired other polyoleSns such as polymethyl pentone may be used. 

Tha poiyoia ftf hcomalntog torn (B) or the bonding nssin layer <B1) in a co mposi te film (8) is an acid- 
modified polyoielki rssin containing cart)oxyl or anhydride groups. Typical adds for use in preparing such 
addiRodfied polymers are elhylenically unsaturated carboxyfic adds such as ^ryfic add, methacryCc 
add. maleic add, fumaric add. crotonic add. and itaconic add. Typical anhydrides used fbr the same 
purpose are ethylenicaily unsaturated carbcxylic anhydrides such as maleic anhydride^ 

The add groups can be present as copdymers of ethylene, fbr example ethylene/acrylic acM (EAA) or 
ethyleneAnethacrync add (EMMA^ Typ^y the add concentratfon is 5 to 15%. 

The add mocfiftoatton of the add modified polymers can be obtained, fbr example, by grafting maleic 
anhydride to a pdyolefin such as polypropytene. pdyathyiene. ethyl«ie-pn7pylene or ethylene-vinylacetato 
oopdynnar. The graft can be Mroduced by techniques such as reading maleic anhydride with polyolefin in 
sokition h% an organic solvent and using a free radical catalyst such as dibenzoyi peroxide or dicumyl 
peroxkfe. Alternatively, an active centre can be introduced into the polymer by using high energy radiation 
such as gamma rays or X-rays and then reactk^ the resuftant material with the anhydride. 

The bonding resin prafaa'abiy contains 0.05% to 0^%, more preferably 0.1% to 0^% add modifica- 
tion, measured by analysis of Infra red adsorption at 1780 cm^, of resm pre^ried at 200* C to convert add 
funcftxiality to anhydride functionality* 

The anhydride grafl-modified polyolefin can be-tfluted with further unmodified pofyoiefin to produce a " 

bonding redn preferably havfatg a content of grafted add (L& a graft level) of 0X)2 to 0.6%. most preferably 

02 1 0.05%. The diluting unmodified polyolefin can be the same polyolefin which bas been used to 
produce the add modified polyolefin, or it can be a different polyolefin. Thus, for example, an ackf modified 
tew-density polyethytene (LDPE) or Unear tew^ensity polyethylene (LLOPE) can be diluted with poly- 
propylene, or an add modified polypiopylene can be diluted with a polypropylene or an ethylene propylene 
random copol^ner. 

The pitfpose of the Inner layer (Bl) of bonding redn is to fie the outer layer (82) of polyolefin or 
polyamide to the metal surface. Preferably when the outer pdyolefin layer (B2) Is a polyethytene. the 
bonding resto base of the Inner tie layer (81) is a pdyefhytene or ettiylene copolymer. Preferat>iy Y^hen the 
outer polyotefin layer (B2) is a polypnjpyiene homopolymer or an ethylene-propytene copolymer, the 
bonding resin base of inner tte layer (81) is a polypropylene or an ethylene propytene random copolymer. 
When the outer layer (82) is a pdyamkte. the bonding resin layer can be based on a polyethylene or a 
polypropytene. 

Pffi i fjif a bly, for a bom&ig resin - l a y e r bas ed -on-polyprep ylono, tho bondi ng-f esin melt fl o w ind e x Is 3 lo 

30 gm/10 minutes, measured at 230 * C by the ASTM test No. D123a 

Parficularty prefenred bonding resin layers are based on random ethylene-propylene copolymers or 
btends of low-density polyethytene (U3PE) with polypropylene or btends of Snear tow-densHy polyethytene 
(LLOPE) with polypropytene. 

A parficdarty prefenred add modified deRn copolymer is metek>anhydride nuxfified ethylene vinyl 
acetate. 
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The layer of bonding resin (B1 ) in a compoate polymer film (B) la preferably of a midmess of from i to 
10 miaons. 

m a liiither eiiibodtfrient of the' present invention, a liirtherpolyamide or polyolefin layer (84) may be 
adhered to the outer layer (B2) by rneans of a further bonding resin layer (B3), the said bonding resin layer 
5 dSSi being as defined above for bonding rasm layer (Biy. If desired, any of layers (B1) to (84) may be 
p^mented in conventtonal manner* wKh titanium dioodde for example. The preferred arrangement is for 
pi^ent to be in layer (B2) or in layers (B2) and (B4). Preferably the outer polyolefin or polyamide layer 
may contain inorganic anti-bloddng agents such as synthetic silica having a particle size of from 0^ to 5 
microns. ^ 
10 TYiroughout this specHicatbn, intrinsic viscosities are measured at 25 C In 0-chforophenoi solutions at 
a concentration of 5g/l» 

The fbllowfng Bcanples era novr gh/en by way of further fflustration of the present mention. 



It Bcampies 1 to 24 

PolymeiAnetal/lpolymer laminaM were prepared by a laminafion process peribmied in apparatus as 
Omstrated schematiceily m Rgure 11 or Figure 12 of the aooompanysng drawings. A metal sheet M was pre- 
heaied to an appropriate temperature Ti a heater 1. Temperab^e Ti is usuaBy within the range 120 to 
20 220*0. A polyester film A was fed from a feed roll 2 and a potyolefin-corrtalrang film was fed from a feed 
roa 4 and laminated to the oj^xisite sides <rf the pr»4)eated metal sheet between lamination rolls 6. a. 
typtally having a diameter of 100*400 mm. Lamination was generally perfomned using a nip force of 200- 
400 N per metre between the lamination rolls. 

m the lamination nip, intimate and unifoim. wrinide-free contact between the metal sheet and the 
25 pofynw films is estabfished. Downstream of the iamtnation roOs the resultant Kaminale Is re-heated, 
prel^rably by use of «i Induction heater 10. to a tamperature Ts at which each of the polymer films A and 
8 will interact with and become bound to the metal sheet Temperature T2 is usually within the range 230 to 
270*0. The metal polymer laminate is held at temperature T2 or a temperature slightly beiow Ts for ashoft 
period of time, usually no more than 2 seconds, and is then rapidly and unifomnly quenched with water to a 
so temperahjre beiow the melting point of ^ poiyolefin-cont^ng film (B). 

Quenching can be performed in any conventional manner, but typically can be perfPrmed by passing the 
laminata through a tank 12 of water as ^uawn in Rgure 11 or by passing the laminate through curt^ 14 of 
quencMng water as shown in l=fgure 12. 

bi general, the process illustrated in agure 11 with the lamination being performed In a vertical mode is 
as prefanred. Vertical movement of the metal strip through the iaminafion stage tends to allow a higher quench 
rate and gives better and more uniform quenching. 

Figure i t aiso shows-a> schematic diagram of a typical temperature profile which would- be- found-In ttt^ — 

process iUustrated in the apparatus of Hgura 1 1 . 

Table 1 sets out the types of polymer which were laminated to the metal str^ and the thickness of each 
40 layer. The condHions used to perform the lamination and the results obtained are gh/en in Table 2. 

The polyester film A zppMi to the metal strip may be in the forni of a film having a single layer (as in 
the case of Examples 11 to 14 which are given by way of comparison); in these cases the nature of the 
polymer Is set out in the column in Table 1 headed A1. AKematively the polyester film A may be a 
c omposite film of an inner layer A1 and an outer layer Aa, usually prepared by co-extnisfon of the 
45 appropriate polymer fflms; such films are films in accordance with the cnventton. 

The polyolefin film. 8 niay contain only a single layer B1 as in the case of . the laminate illustrated in 
Rgure 1, or may be a composite film containing a plurality of layers 81. 82. 83, 84. prepared typically by 
co-exlrusion of the appropriata pojymer films. 

Figure 1 of the accompanying drawings illustrates a potymerAmetal/lpotymer taironate having a compos* 
50 Ha polyester film A1/A2 laminated on one side^of a metai sheet M with a single layer poiyolefin-containing 

aten-B4-taralnate d to tho op pe ^to c W o o f4 ho film. The ta wMna t o s which ar e the su ^ect of Exa mp tos 1 to 3. 

17 and 18 are laminates having this structure. 

Rgure 2 of the accompanying drawings itiustrates a pdymer/metal/poiymer laminate having laminated 
thereto a composite pdyester Bm A1/A2 on one side of the metal sheet and a compbsito poiyolefin- 
55 containing film 81/82 laminated to the oppdste skle of the metal sheet The laminates whfoh are the 
sut^ect of Examples 4'to 8, 15. 16 and 19 to 24 are laminates having tfiis structure. Examples 8 and 10 
have this structure but carry two additional outer layers. 83 and 84 on the polyolefin coated side of the 
metal sheet 
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Rgure 3 Ulustratas a pofymer/nratal^tyiRW bminate in which each of potymer fihns A and B have a 
singia layer. The fitms of Bcamptos II aid 12 are (rf this typa 

The metal/lpoiymer iaminatB structures of Examples 1 to 10 and 15 to 23 are structures suitable for 
^-preoesslng in accordance wHh the presem frivenfroa Table 2 gives exarfiples' of the^^^^ 
undo^ (fifferem conditions ^ the varimjs iaminale structure 

Table 2 shows that if the temperaiure of the metal sheet on lantfnatlon is raised to a level which is too 
high, the polyolefin coafings adhere to the laminatibn rone (Cases O. E. F and I). Furtherniore, If the 
temperature of the metal sheet on lamination is kept too low, and no polyester Inner layer (A1) In 
accordance with the Invention is present the polyester lilm does not acfliere adequately to the metal siieet 
(Cases G and H). 
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wromtei ■ * — 

5 

Polyester A: 

tn examples 1 to 10. 15. 17-22 and 23 a non-crystailrne 0^. amorphous) pofyestar wtudi was an 8020 
10 copofymer of ethylene lerephthalato and ethytone Isophttiaiate was used The softening point of the 
polyester was below ISO'Candfhemeftmgpoimof thepolyasterwasaio'c. Theinslrroicvis^ 
the polyester was from 0.6 to 0.7. 

In example 18, the amorphous polyester was a copdyestar of teiephtaliic acid and ethylene ^ycol and 
15 cydohexane dimemanoL The softening point of the polyester was t>eiow 1 50 * C and Ihe melting point of the 
polyester was 180*C. The intrinsic viscosity of the polyester was above 0^ and below 1.1; 



Bontfing Resin 1: 

30 

Maleic anhydride graft modified ethylene propylene random copolymer having graft levels of about 0^ 
0U)5. 



ss Bonding Resin 2; 

Maieic anhydride graft modHled polyethylene having graft levels of about 0.08 ± 0.05. 



ao Bonding Resin 3: 

Bhylene/Acrylic Add Copolymer (EAA) typically having 6% or 8% acrylic add. 



35 Bondin Resin 4: 

ethylene/Methacrytic Add Copolymer (Eft4AA) Really having 9% or 1 2% methacryOc add. 



<o Bonding Resin 5; 

Maleic anhydride graft mocfiiled ethylene vbiytacetate copolymer having graft levels of about 0.08 ± 
Bonding Resin 6: 

" — ^ 
Maleic anhydride graft modified polypropylene homopolymer having graft levels of about 0.2 ± 0.05. 

so 

Bonding Redn 7: 



Maleic anhydTKie graft mondified eht^e-propyiene block copolymer having graft levels of about 04 s 



PET: 



13 



EPO312302A1 



BtedatPET: 

BlaxteUy oriented polyethylene terephtteiate havfng a melting point of 255 * a 

10 

Nylone. 
Metal Str» M: 

ts 

This may be .ECCS (fepresanted by ^. eluminlum or an aHoy thereof (represented tiy A), tinplate 
(represented liy Ty, or blacliplatB ^epiesented t>y B). 



25 
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so 
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TABLE 2 



CASE 


EXAMPLE NO. 


METAL TEMPERATURE (OC) 
Before After 
1 Laarfnatlon Lanrinatlon 


1 LMZHATION BEHAVIOUR 


A 


1 to 10, 16-23' 


1 140-150 


250 


1 Satisfactory 


B 


9. 10 


1 160-180 




1 Satisfactory 


C 


IS 


1 170-190 


250 


r Satisfactory 


D 


1 to 8, 16-22 


>170 


250 


1 Polyolefin adheres 
to lanrinatlon roll 


E 


9, 10 


1 >200 


250 


Po lyo lef 1 n/Polyamlde 
1 adheres to 
Tamlnatlon roll 




IS 


>210 


250 


Polyolefin adheres 
to Taorfnatlon rolT 


6 


11-13 


ISO 


250 


PET does not adhere 
In lamination stage 


H 


14. 24 


180 


2S0 


PET does not adhere 
In laarfnatlon stage 


I 


11-14, 24 


270 


250 


Polyolefin coatings 
adhere to the 
lamination roll 
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TABIB 2 - 



B cqHMgHTS 



Cases A, B and C - Illustrate the materials and 

process described in this 
^ invention, successfully applied. 

Cases D« E and F - Illustrate the limits imposed by 

15 the polyolef in coatings on the 

lamination temperature. The 
polyester laminated successfully in 
D-F. 

20 

Cases 6# H and I - Combinations of materials described 

in the prior art, showing their 
2s incooQatibility at the low (G,H> 

and high (I) lamination 
toxperatures needed to laminate 
polyolefins and biazially oriented 

90 

PET monofilffls respectively. 



Bcamples 25 to 51 (see Table 3) 



Thasd Bcampias iihjstrata a number of components for metal packaging contalneis and closures wtuch 
can be advantageously produced from the potymecAneial/lpolynier laminates pcodiioed in ao o o i da noe vrith 
40 ttie present invention. niustraSions ol the typical shapes of typteal products are shown in i=igures 4 to 10 of 
the accompanying drawings. 

Table 3 indicates the nature of the metal sheet (M). the types of polymer films (A) and (B) which are 
laminatad thereto, and states for each appBcation wtiich polymer film const i t u tps the external c(»tbig (C) of 
the product and which polymer film constitute the internal coating (D) of the product 
45 The laminates descnlsed In Examples 25 to 31 were formed by conventional techniques Into food can 

ends such as that IDus^^ 

The laniihate descrilaed In Examples 3i2 to 34, and 51 were fonned by conventiona) techniques Inb 
drawn cans (draw-redracw cans) such as that mustraled in Figure 5 of ttie abcompanying drawings. 

The laminates described in Bcamples 35 1> 38 were fbnned by conventional techniques into easy open 
60 beverage can ends such as that iOustrated in Figure 6 of the accompanying drawings. 

Th e lamln at& s d ef ? c ribed In ExBmples-3 9 a n d 4 0 wore form e d in convontional manner In te-dfawn-wall- 

ironed cans such as that illustiatsd in Rgure 7 of the accompanying drawings. 

The laminatBS descr&ed in Examples 4lto43^44and45,and46to50 were formed fn conventional 
manner into aerosol cups, aerosol cones, and aerosol dimes such as those illustrated respecthrely in 
55 Hgures 8, 9 aid 10 of tto accompanying drawings. 

The EGGS used in Examples 2S-29. 31«36 and 41-51 was a conventional conunercial product supplied 
by the British Steel Corporation and was gWen its ECC treatment In a chromic add medium containing 
su^uric add catalyst (Type 1). The ECC treatment dppXM to the steel in Bample 30 was In a chromic 
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acid mecSum containing HBFi catalyst (Type 2). 

The afuminhim used in Exampte 37-40 was treated In a chromic add^ahosphorlc add medium In the 

jiuminium strip mill after cold rolling and ^^ling* 

^ The tInpiaiBS usad in Example 22 had tin coaling wei^' of OlS '{pirn squm metre and ZB gme per 
6 square metra 
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The-ooating pertomanoe of the polynw films laminatad to the pfoducts of Examples 25 to 51 was 
ascsrtaf ned by su^eding the products to various tests tociuding the foIlowfaig> 

s 

Dotibte Seaming 

73mm diameter can ends were fomied from the laminate and ctirfed The ends were seamed onto 
welded seam can bodies u^g a conventional end seaming machine. 
70 The coating was stutfled for fibrillafion, scuffing or damage. Coating coverage was a^m ^ed by 
immersion in addlfed copper sulphate for two minutes and visual inspection for copper deposits. 



Pormablitty 

ts 

Formability was assessed by the coating coverage after cans had been formed. Coverage was 
assessed as described above under Double Seaming. 



20 Protection 

Protection was gauged by accelerated tests simulating paddng with agressive products for 6 to 12 
months, enamel rater values and actual shelf life tests with specific products. 
Typical accelerating madia 
26 • acetic acid (1 •5%) 

sodium chbride (1.0%) in water 

• citric add (PJS3%) 
sodium chloride (1.0%) 
malic add (0.42%) 

so water to pH 4.3 

Ty{rfcal test conditions 

- retort at 1 21 * 0 for one hour 

•store lor 24 hours 

3S 

Components or cans were inspected after the test and the extent of corrosim compared with 
conventionally coated containers. 

Enamel Rater Values . . ... 

• Sodium chloride solution 
49 *6.4vons 

•Monitor current 

• 2 mA acceptable limit 



45 

End Sealing 

Polymer coated ends were seamed or swaged in the case of vahra cups* onto thecr counter part can 
body or component using no Qning compounds. Cans were filled with product and pressurised. Weight loss 

60 measursments were made to compare propeilant ioss rates with conventional components having iming 
compound. A loss rate lower than conventional was regarded as acceptable. 

So meof th eadvantageous-propei tiesof th e prod ucts-o^^xariHi>le8 . 25-<e ^ ^ age-setout-faetew; 
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Propdnids 


25-31 


Gobd good protection/ 


28^29.91 


AnracuVB wnno sppoaFanco. 


oZ * 94, 91 


isooo KniiioDtnqf una protBCQon* 


32.33 


Attr3ctlv9 wtifto appdSTBnce. 


35-38 


Qood external dotitda seaming protection and protection. 


35 


Can end iBQUiies no Oning compound. 


3d. 40 


Good fonnaisifit/ and protection. 


41-43 


Cup required no sealing compound. BcceBent protectoi. 


44 


Ccme requires no fining compound. 


45 


Attractive white external appearance. 


46.50 


Attractive wtiite external appearance. 


48^49 


Dome requires no firting compound. 



^ Claims 
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1. A process for producing by simultaneous lamination a polymer/metai/poiymer laminate, which 
process comprises laminating to one cf the surfaces of a metal sheet a composite polyester film (A) 
comprising^ an Inner layer (A1) of a substantially non-crystalfine linear polyester havii^ a softening point 

^ below 150*C and a melting point above 150*0 tnit below 240*C and an outer layer (A2) of a linear 
polyester having a melting point above 220* C. and simultaneously laminating to the other matior surf^ of 
the metal sheet a polyolefin-containing film (B) comprising a bomfing resin wMch is en acid modaied 
poiyoiefin-restn containing carboxyl of anhydride groups, the metal sheet having been healed to a 
temperature Tt sufiident to cause softening of the polymer films and intimaie contact with the metal sheet 

^ the temperature Ti being below the temperature at which the outer surface of the polyolefin-containmg film 
is damaged during lamination.' aid re-heating the resultant laminate to a temperature Tz sufiicient to cause 
each of the polymer Gbns (A1) and <B) interact with and become bound to the respective isiirface of the 
metal stieeL 

2. A process accordfrtg to Cl^ 1, wherein the temperature Tt is from 120 to 240*0. 

^ process according to Claim 1 or 2. wherein the laminate is reheated by induction heating mean& 

4. A process according to Clain« 1 or 2. wh»TO the Jamihate is reheated by infr^^ 

5. A process according to any one of the preceding daims. wherein ttie temperature Ta is from 230 to 
270*'C; *• ■ • 

6. A process accc^ding to Qalm 5, wherein the laminate is heated to a temperature in the range 230 to 
^ 270* C and then held above 200* C for at least 1 second before being quenched. 

7. A process according to Claim 6. wherein the laminate is heated to a temperature of ^*C. and then 
held above 240 * C for 2 seconds befbre being quenched. 

& A process a cco nflng to Claims 6 or 7. wherein the laminato is quenched rapMly and unHbnniy. 
preferably by Immersion in a tank of water or by line quenching with water. 
^ 9. A process accorcfing to any one of the preceding daims, wherein the polyestor of inner layer (A1) is 
a copolymer of ethylene terephthalale and ethylene isophthatate. or a copolymer fonned from torephthalfic 
- acid and two alcohds. typically ethylene glycol and crydohexane-dlmethanot. 

10. A process acmnding to Claim 9. wher^ the mole ratio of ethylene terephthaiato to ethylene 
Isophthaiato. is 80:20. 

^ 11. A process according to any one of the preceding claims, wherein the outer layer (A2) Is a blaxialty 
oriented polyester. 

12. A process accoroing lo any one or tne prececing daims, wherein the outer layer (A2)ls 
polyethylene terephthaiato. preferably biaxialiy oriented polyethylene terephthalate. 

13. A process mor^g to Clain» 11 or 12. wherein the polyester of outar layer (A2) has a crystaliinity 
^ greater than 30%. preferably from 40 to 50%. 

14. A process morcfing to any one of th precedng clainf». wherein the pdyolefin^ont^ing film (B) 
Is a monolayer of, or is a composito film comprising an inner layer (61). of a bonding resin chosen from a 
maleic anhydride modified propylene, maleic anhydride modified polyethylene, maleic anhydride modified 
ethylene-propylene copotynnier, or maleic anhydride modified ethylene-vinyiacetato copolymer. 
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1 5. A process according to Clasni 1 4. wherein the malelc anhydride oontsnt of the polymer is firom aos 
to OJS%, preferably 0.1 to 0.^%. 

18. A process according to any one of Cl^ms 1 to 13. wherein the polyolefin-containing film (B) is a 
' Moymlayer of;'or is a compost 3m con^rising-afT inner layar (Bl^of/a bonding resin ctosen Irom an- 

s ethylene^ficryOc add copolymer or an ethyteno^othacrylic acid copolymer, preferably oontaininQ from 5 to 
16% by weight of add* 

17. A process according to any one of the preceding daims, wherein the polydelni-containing fQm (B) 
Is a co mp osite film comprising an inner layer (B1 ) ^f bom&ig resin and an outer l^fer <B2) of a polyolelin or 
polyamide adhered to inner layer (61). 
to 18. A process according to Claim 17,'whereln the polyolefin-contalning flbn comprisas a further 
polyotefin or pdyamide layer (B4) adhered to layer (BQ by means of an oitermecSate layer (jas^ of boncfing 
redn, ttie boncfirig resfh t)6ing as defined in any one of Ciahns 1 and 14 to 1 7. 

19. A process according to any one of the preceding claims, wherein the metal sheet Is electroiytfcaHy 
chromium coated steel with a dual layer of chromium metal and chromium oxide. 

75 20. A polymerAnetai/t)olymer laminate compri^g a metal sheet having a polymer film adhered to each 
of tts major surfaces, ihe pdymer films having been adhered to the metal she^ by sffnuHaneous ttiermal 
lamination, the polymer film adhered to one major surface of the metal sheet being a composHa polyester 
. fibn ifii oomprl^ig an inner layer (A1) of a substantiaBy nbn-crystalllne linear polyester having a softenir^g 
point below 150*C and a melfing pdnt above 150*C but l>elow 240*C and an other layer (A2) of a rmear 

80 polyester having a mdting pdnt above 220*C, and the pdymer film adhered to the outer rniaior surfece of 
the metal sheet being a polyolefuvcontainmg film (B) comprising a bonding resin which is an add mo<fified 
pdydefin resin containing carboxyl or anhydride groups. 

21. A laminate according to Claim 20, wherein the polyester of inner layer (A1) is a copolymer of 
ethylene terephthalate and ethylene isophthalate, or a copolymer fbrmed from terephthaiiic add and two 

26 alcohols, typically ^hytene gtyool and crydohexane-dlmelhanol. 

22. A laminate according to Qatm 21, wherein the mole ratio of ethylene terephthalate to ethylene 
isophthaiate is 80:20. 

23. A laminate according to Clafm 20, 21 or 22. wherein the outer layer (A2) is a biaxially oriented 
polyester. 

90 24. A laminate accorcfing to any one of Claims 20 to 23, wherein the outer layer (A2) is polyethylene 
terephthalate, preferably bia3dally oriented polyethylene terephthalate. 

25. A laminate according to Ctdm 23 or 24, wherein the polyester of outer layer (AQ has a crystal&iity 
greater than 30%, preferably from 40 to 50%. 

26. A laminate according to any one of Claims 20 to 25, wherein the potydefin-contaidng fiim (B) is a 
9S monolayer of , or Is a composite film ccvnprising an inner layer (B1)» of a bending resin .chosen from a 

matoic anhydride modified propylene, maidc anhydride modified ethylene-propylene copolymer, mateic 
anhydride modified pdyethylene. or malde anhydride modified ethylene^lnylacetate copolymer. 

27^A-lamln8te aoconfing to Claim 28, wherein.the maleic anhydride content ot4he-polymer. is from 0.0S 

to O.S%, preferably 0.1 to 0.25%. 

40 28. A laminate according to any one of Claims 20 to 25, wherein the pdyolefin-contaidng film (6) Is a 
rvmdayer of, or is a composite film comprising an inner layer (B1) of. a boncfing resin chosen from an 
ethylene-acryHc add copolymer or an ethylene-methacryfic add copolymer, preferably containing from 5 to 
15% by weight of add. 

.29. A laminate acconfing to* any one of Claims 20 to 28, wherein the pdyolefirxontafnlng fiim (B) is a 
45 c omp os ite fibn comprising an inner layer (B1) of bonding resin and an outer layer (B2) of a pdydefin or 
pdyamide adhered to inner layer (81). 

„„..30. A.lmlnate accordng to Claim 28, wherdn the pdydefin-containing fUm comprises a further 
pdydefin or pdyamide layer (84) adhered to layer (B2) by means of an intermediate layer (B3) of bonding 
resin, the bonding resin being as defined in any one of Claims 22 and 28 to 30. 
so 31. A laminate according tp any one d Claims 20 to 30. wherein the metal sheet is dedrdytically 
chromium coated sted with a dual layer d chromium metal and chromium oxtda. 

one <tf Claims 20 to 31. ^ 
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